Although stress is often hypothesized to contribute to the effects of neighborhoods on health, very few studies have investigated associations of neighborhood characteristics with stress biomarkers. This study helps address the gap in the literature by examining whether neighborhood characteristics are associated with cortisol profiles. Analyses were based on data from the MultiEthnic Study of Atherosclerosis Stress study which collected multiple measures of salivary cortisol over three days on a population based sample of approximately 800 adults. Multilevel models with splines were used to examine associations of cortisol levels with neighborhood poverty, violence, disorder, and social cohesion. Neighborhood violence was significantly associated with lower cortisol values at wakeup and with a slower decline in cortisol over the earlier part of the day, after sociodemographic controls. Associations were weaker and less consistent for neighborhood poverty, social cohesion, and disorder. Results revealed suggestive, though limited, evidence linking neighborhood contexts to cortisol circadian rhythms.
INTRODUCTION
Although a large number of studies have suggested that neighborhood disadvantage is associated with adverse health outcomes (Pickett and Pearl, 2001; Robert, 1999) , only recently have researchers begun to examine the possible biological pathways through which neighborhood context may affect the health of residents. Identifying the biological pathways involved is fundamental to increasing our understanding of how neighborhoods are linked to health.
Neighborhoods can influence health through a number of pathways. Two of the most common pathways hypothesized in the literature include the influences of neighborhood physical environments on health behaviors and the influences of neighborhood environments on psychosocial stress (Diez Roux, 2003) . A number of studies have focused on aspects of neighborhoods that may constrain healthy behaviors. For example, the built environment of neighborhoods as well as the presence of physical activity and food resources (e.g., public parks, supermarkets) have been linked to the diet and physical activity of residents (Frank et al., 2003; Moore et al., 2009) . Although often hypothesized as another important mechanism linking neighborhoods to health, the role of psychosocial stress has been less studied.
Several features of neighborhoods could operate as stressors for residents. Neighborhoods characterized by high deprivation have been theorized to increase residents' exposure to high crime, violence, physical decay or disorder, and social distrust (Aneshensel and Sucoff, 1996; Schulz et al., 2000a; Schulz et al., 2000b) which may increase stress levels. Stress may be linked to health and cardiovascular outcomes because persons under stress may be more likely to engage in deleterious health behaviors such as smoking, drinking, and drug use as coping strategies (Boardman et al., 2001; Echeverria et al., 2008) . In addition, exposure to stressors has a series of direct biological consequences related to the activation of the hypothalamic-pituitary-adrenal (HPA) axis. The HPA axis is responsible for mobilizing the body's resources when an individual encounters psychological or physical stressors (Sapolsky, et al., 1986) .Cortisol, a hormone produced by the HPA axis, increases in response to stress and varies according to a circadian rhythm in which levels are typically high upon awakening, increase sharply between 30 to 40 minutes of waking and declines across the remainder of the waking day. In addition to its physiologic role in preparing the body to respond to stressors, cortisol plays a role in several physiologic processes relevant to the development of cardiovascular disease and other health conditions. For example, elevated levels of cortisol are linked to glucose intolerance, abdominal obesity, and hypertension (Bjorntorp and Rosmond, 2000; McEwen and Lasley, 2003; Brindley and Rolland, 1989) .
Both acute and sustained exposures to stressors have been linked to alterations of the usual circadian rhythm of cortisol (Adam et al., 2006; McEwen, 1998) . While the implications of alterations of the circadian rhythm of cortisol (sometimes referred to as cortisol dysregulation) for health remain to be determined, there is some evidence that various altered patterns are associated with chronic health conditions (Adam and Kumari, 2009; Vreeburg et al., 2009b) , including cardiovascular related outcomes such as obesity (Ranjit et al., 2005b) and subclinical atherosclerosis (Dekker et al., 2008; Eller et al., 2001; Matthews et al., 2006) .
Although studies have reported alterations in the circadian rhythm of cortisol to be associated with low socioeconomic position and psychosocial characteristics such as hostility and depression (Cohen et al., 2006a; Hajat et al., 2010; Ranjit et al., 2009; Vreeburg et al., 2009a) , few have examined whether the exposure to stressors at the neighborhood level alters the daily secretion of cortisol. To our knowledge, only two studies have examined the relationship between cortisol levels and neighborhood context (Chen and Paterson, 2006; Kapuku et al., 2002) . Kapuku and colleagues studied cortisol response to a video and physical stressor among twenty-four African American male youths aged 16 to 25. Neighborhood SES was found to be unrelated to baseline cortisol levels. While increased cortisol levels were observed during the stressor protocol, the associations between neighborhood SES and cortisol response to the video and physical stressors were not presented. Chen and Paterson examined the relationship between cortisol and neighborhood SES among 212 adolescents aged 15 to 19 in St. Louis, MO. Baseline salivary cortisol samples were obtained at the end of a rest period before study participants completed a series of psychological measures. Neighborhood SES was found to be positively associated with baseline cortisol levels after adjustment of family SES characteristics. Limitations of these studies include very small sample sizes, lack of generalizability, limited individuallevel controls, and reliance on a single cortisol sample. As such, the role of neighborhood context in shaping the daily secretion of cortisol over multiple days has yet to be explored.
This study used data from the MESA Stress study which collected multiple measures of salivary cortisol over three days in a population based sample to examine whether various neighborhood characteristics (poverty, violence, disorder, and poor social cohesion) are associated with various aspects of the cortisol circadian rhythm. Establishing whether neighborhood stressors are associated with daily cortisol profiles would provide evidence to support a specific biologic pathway linking neighborhood to health and lend strength to the importance of place (i.e., neighborhoods) in influencing health.
MATERIALS AND METHODS

Study Population
Data for this study were drawn from a subsample of the Multi-Ethnic Study of Atherosclerosis (MESA). MESA was designed to study the determinants of subclinical cardiovascular disease and included 6,814 men and women aged 44 to 84 years without clinical cardiovascular disease at baseline recruited from six sites using a variety of population-based approaches. The MESA Stress study, an ancillary study to MESA, collected detailed measures of stress hormones, including multiple measures of salivary cortisol over three days on a subsample of 1,002 participants enrolled at the New York and Los Angeles MESA sites between 2004 and 2006. Characteristics of the MESA Stress subsample were similar to those of the eligible sample that was not chosen for the Stress study, with few exceptions; a smaller proportion was in the 75-84 year age range (12.1% compared to 18.2% who were not in the Stress study), a slightly larger fraction were men (47.6% compared to 44.7%) and a higher percentage had some college education (29.7% compared to 23.9%).
Each MESA Stress participant was instructed to collect six salivary samples a day over three typical week days. The participants were instructed to restrict the total duration between the first and last day of sampling to a maximum of one week, but the days of sampling were not required to be consecutive. Samples were returned to the clinic by participants after the three days of collection. The first sample was to be taken immediately after waking (and immediately before getting out of bed), the second sample 30 minutes later, the third sample at around 10:00AM, the fourth sample at around noon (or before lunch if lunch occurred before noon), the fifth sample at around 6:00PM (or before dinner if dinner occurred before 6:00PM), and the sixth sample directly before bed. Detailed instructions and training in sample collection were provided to participants by trained staff. A container with a time tracking device (Track Caps) automatically registered the time at which cotton swabs were extracted to collect each sample. Participants were told of this time tracking device. Prior work has shown that the use of this device increases compliance with the requested timing of samples (Kudielka et al., 2003) . Data showed excellent agreement between reported and track caps times with approximately 86% of overall self-recorded times being within 15 minutes of the registered Track-Cap times (Hajat et al., 2010) . Collection times from the Track-Cap devices were used in analyses.
Saliva samples were collected using Salivette collection tubes and stored at −20 °C until analysis. Samples were thawed and centrifuged at 3000 rpm for three minutes to obtain clear saliva with low viscosity. Salivary cortisol levels were determined employing a commercially available chemi-luminescence assay (CLIA) with high sensitivity of 0/16 ng/ mL (IBL-Hamburg; Germany). Intra-and inter-assay coefficients of variation were below eight percent. Cortisol was measured in nmol per liter.
Of the 1,002 total participants in the MESA Stress Study, 55 participants were excluded from these analyses because they had no track-cap time, insufficient sample for assay, unreliable cortisol values, or had missing values for one of the individual-level covariates (e.g., income, wealth). This resulted in a total of 947 participants over three days, with 15,595 cortisol samples for analysis. An additional 33 participants who were on birth control pills or were taking oral or inhaled steroids were excluded. Due to missing census tract geocode identifiers and missing neighborhood-level data, analyses were further restricted to 892 and 814 participants for models using neighborhood tract data and neighborhood data collected from an independent neighborhood survey (the Community Survey described below), respectively. The final analytical sample contained an average of 17 samples (std=2.48) per person over the three days.
Measures
Individual-level demographic and socioeconomic variables included age (continuous, median=66 years), gender (48% male), self-reported race/ethnicity (19.7% non-Hispanic white (reference); 27.5% non-Hispanic black; 52.8% Hispanic), education (continuous measure of highest educational level completed: 1.2% no schooling; 16.9% grades 1-8; 9.1% grades 9-11; 20.3% high school/GED; 15.8% some college with no degree; 7.4% technical school certificate; 5.4% associate degree; 11.0% bachelor's degree; 12.9% graduate/professional school), income (continuous measure of family income adjusted for number of dependents, median=$16, 250), and wealth (continuous 5 point summary score, range 0 (lowest wealth) to 4 (highest wealth) indicating whether the person owns a car, owns/pays a mortgage, owns/buying land, or has investments, mean = 1.8).
Other covariates examined as possible confounders and/or mediators included body mass index (23.8 % normal (BMI<25); 39.5% overweight (25≤BMI<30); 36.8% obese (BMI≥30)), type 2 diabetes (defined as fasting plasma glucose≥126 mg/dl (Genuth et al., 2003) or taking medications for diabetes; 17.4%), smoking (53.3% never; 36.0% former; 10.7%current), and physical activity level. Physical activity questions were adapted from the Cross-Cultural Activity Participation Study (Irwin et al., 2000) . Scores of intentional exercise, measured in metabolic equivalent (MET)-minutes/week, were categorized into approximate quartiles.
Four neighborhood characteristics that could operate as stressors were selected for investigation a priori: neighborhood poverty, disorder, violence, and social cohesion (Browning and Cagney, 2002; Kawachi et al., 1999; Pickett and Pearl, 2001; Robert, 1999; Ross and Mirowsky, 2001; Wright et al., 2004) . Neighborhood poverty, utilized in much of the early neighborhood-health studies as a simple proxy for overall neighborhood socioeconomic conditions, has been consistently found to be negatively associated with health (Pickett and Pearl, 2001; Robert, 1999) . Multiple aspects of the deprivation associated with poverty may operate as stressors. Neighborhood disorder and violence may also operate as stressors by creating a sense of unpredictability, threat, or lack of safety (Ross and Mirowsky, 2001; Wright et al., 2004) . High neighborhood social cohesion is theorized to support positive collective action as well as feelings of solidarity and trust which have been found to be positively associated with health (Browning and Cagney, 2002; Kawachi et al., 1999) . Social cohesion may also help buffer the effects of other sources of stress (Sampson 2003; Sampson et al., 1997) . In contrast, the absence of neighborhood social cohesion and associated low solidarity and trust could itself operate as a stressor or enhance the effects of other stressors.
Neighborhood poverty levels were derived from the 2000 Decennial Census and reflect the proportion of individuals within the census tract who are below the poverty line. Measures of neighborhood disorder, violence, and cohesion were derived from the Community Survey, a separate population-based telephone survey that asked residents of MESA neighborhoods to provide information on conditions in their neighborhood, defined as the area about one mile around each survey respondent's residence (Mujahid et al., 2007) . Using a combination of random digit dialing and list-assisted sampling, the Community Survey surveyed 5,409 residents who lived within 1 mile of MESA Stress participants. By using a separate study sample to measure community characteristics, we avoid the possibility for same-source bias stemming from the possible correlation between individuals' perceptions and health outcomes. For example, individuals who are more susceptible to adverse reactions to stressors may tend to evaluate neighborhood conditions as more negative than those who are more able to cope with challenges.
Community Survey participants were asked questions on neighborhood characteristics, including neighborhood disorder (12 items composed of 6 physical and 6 social disorder items, adopted from Ross & Mirowski (Ross and Mirowsky, 1999) ), violence (4 items, based on Sampson, Raudenbush, and Earls (Sampson et al., 1997) ) and social cohesion (4 items based on Sampson, Raudenbush, and Earls (Sampson et al., 1997) ). Participants were asked to specify their level of agreement to each statement on a 5-point Likert scale (1=strongly agree to 5=strongly disagree) for social cohesion and disorder and a 4-point scale (1=often to 4=never) for violence. Cronbach's alphas were 0.90 for disorder, 0.84 for violence, and 0.75 for cohesion. Mean neighborhood-level scores were derived from averaging responses of all community survey respondents within a 1 mile radius of each MESA participant. The mean number of Community respondents within a mile of each MESA participant was 178 (interquartile range from 38 to 320). Table 1 summarizes the scale items for each neighborhood dimension generated from the Community Survey.
Statistical analysis
Cortisol levels are typically characterized by high levels in the morning, with increasing levels for approximately 30-45 minutes after awakening followed by a decline over most of the day. We first performed descriptive analyses to ascertain the shape of the cortisol profile over the course of the day using locally estimated scatter plot smoothing (LOESS) curves. Time, as registered by the Track-Caps device, is measured in minutes since wake-up. The LOESS curves indicated a non-linear cortisol response over the day with two inflection points. Accordingly, we estimated a piecewise linear regression with two fixed knots at 30 minutes after wakeup and 120 minutes after wakeup to best capture the non-linearity of cortisol level over the day (Hajat et al., 2010) . This strategy allowed us to estimate the initial wakeup values, the initial morning rise (also known as the cortisol awakening response or CAR), the initial decline after the morning rise peak, and then the slope of the decline over the rest of the day.
Due to its skewed distribution, cortisol was natural log transformed for all analyses. In addition, in order to account for the within subject correlation created by the 18 repeated salivary cortisol samples per subject, the piecewise linear regression was estimated by a 2-level hierarchical linear model in which the intercepts and slopes of the early and late decline were allowed to vary randomly by person. Specifically, the slopes of the early and late decline were modeled as random while the slope of the morning was modeled fixed. Alternative specifications for the random components yielded similar results. Day of sampling was accounted for using fixed effects.
In order to capture possible nonlinear associations, each neighborhood characteristic was divided into three categories (i.e., low, medium, high), based on tertiles and investigated separately. We tested for linear trends across tertiles by including tertile levels as a continuous covariate in regression models. All models adjust for individual-level factors including age, gender, self-reported race/ethnicity, education, income, and wealth. As a sensitivity analysis, we also estimated a second set of models that included additional covariates (i.e., BMI, physical activity, smoking, and diabetes) which could confound and/or mediate any neighborhood differences. All covariates were included as main effects and in interactions with slopes.
RESULTS
Selected sample descriptive by neighborhood conditions are shown in Table 2 . Each row displays the proportion of residents within each neighborhood tertile that possesses the specified characteristic. Residents of neighborhoods with higher levels of poverty, higher violence, higher disorder, or lower cohesion were more likely to be in the lower income and educational categories, more likely to smoke, be obese, and have diabetes than residents of neighborhoods with less poverty, less violence, less disorder, and more cohesion. More disadvantaged neighborhoods were disproportionately composed of racial/ethnic minorities (though the patterning for Hispanics is less pronounced than for blacks). Lack of physical activity was associated with high neighborhood poverty and with low social cohesion but not with neighborhood violence or disorder. The correlations between neighborhood characteristics were high and absolute values ranged from 0.66 (positive correlation for proportion poor vs. violence) to 0.91 (negative correlation for disorder vs. social cohesion). Table 3 shows estimates of selected features of the cortisol profile including wake up levels, slopes for the morning rise (from wakeup to 30 minutes post wakeup), initial decline (from 30 to 120 minutes post wakeup), and late decline (after 120 minutes post wakeup) by categories of each neighborhood attribute. These estimates were derived from spline models adjusted for only age and gender. Trends indicated significantly lower levels of cortisol at wakeup and a less steep first decline for adverse neighborhood environments (higher poverty, violence, disorder, and lower social cohesion). There was no strong pattern for morning rise or late decline.
Differences in selected aspects of the cortisol curve associated with neighborhood characteristics adjusted for age, gender, race/ethnicity, income, wealth, and education are shown in Table 4 . Since cortisol was log-transformed for modeling, associations are presented as percent differences in the cortisol profile feature for each category compared to the reference category (the most advantaged neighborhood tertile). Positive values at wakeup reflect higher cortisol levels. Positive values for the morning rise represent steeper incline while positive values for the two periods of decline represent a more gradual decline.
The strongest relationship between neighborhood characteristics and cortisol levels was found for neighborhood violence. Though associations were not always statistically significant, the general pattern was suggestive of lower wakeup values of cortisol, more pronounced increases after wakeup, and a more gradual decline during the rest of the day for neighborhoods with higher violence compared to neighborhoods with lower violence (Pvalues for trend 0.01, 0.18, 0.06 and 0.14 for wake-up, morning rise, early decline, and late decline, respectively). Individuals residing in higher violence neighborhoods had statistically significant lower levels of cortisol at wakeup (approximately 14% lower) with less pronounced initial declines (approximately 8% to 9% less pronounced) than those residing in low violence neighborhoods. However, a clear dose response was not observed and differences in initial decline were only statistically significant for the middle violence tertile (although the point estimate for the highest tertile showed a similar direction of association). To help illustrate the pattering of cortisol profile by level of neighborhood violence, Figure 1 shows the predicted daily levels of cortisol for low and high tertiles of neighborhood violence.
Neighborhood poverty, social cohesion, and disorder were less consistently associated with cortisol. Being in the highest tertile of neighborhood poverty was associated with a 7% less steep initial decline compare to the lowest poverty tertile and the trend across poverty tertiles in the initial decline was statistically significant. Lower social cohesion and higher disorder were associated with lower cortisol levels at wake with differences in the order of 8-10%. A statistically significant trend in wake up values across tertiles was observed for disorder but not for social cohesion (only the middle tertile differed significantly from the highest social cohesion tertile although the direction of the association was similar for the lowest tertile).
We also estimated models that additionally adjusted for BMI, diabetes, smoking, and physical activity as previously defined (results not shown). The point estimates remained relatively unchanged, indicating that the behavioral and health variables included did not significantly confound or mediate the relationship between neighborhood and cortisol patterns.
In addition, we examined the overall model fit with and without the neighborhood predictors. The likelihood ratio tests revealed that the inclusion of neighborhood poverty or violence significantly improved the model fit (P-values=0.009, 0.002, respectively), compared to the base model which did not include any neighborhood parameters. The inclusion of neighborhood social cohesion or disorder, however, did not result in a significantly improved model (P-values=0.11, 0.13, respectively).
DISCUSSION
While the link between neighborhoods and health has been well established, few studies have explored the possible biological mechanisms through which neighborhood context affects health. This study used a population-based sample to examine the association between various aspects of the cortisol circadian rhythm and neighborhood context. Overall, we found suggestive, albeit limited, evidence linking neighborhood conditions to cortisol. Greater neighborhood violence (often hypothesized to be an important neighborhood stressor) tended to be associated with lower cortisol values at wakeup and a slower decline in cortisol over the earlier part of the day. Although some similar patterns (in terms of associations with wake up levels and early decline) were observed for the other neighborhood measures (neighborhood poverty, social cohesion, and disorder) associations were weaker, less consistent and less often statistically significant.
In contrast to the paucity of studies investigating neighborhood factors in relation to cortisol profiles, several studies have investigated the relationship between individual socioeconomic status and cortisol. Although results have not always been consistent, one finding that appears to be emerging in studies that model different features of the diurnal cortisol profile using multiple repeated measures is a flatter decline over the day in the lower compared to the highest SES groups (Cohen et al., 2006a; Ranjit et al., 2005a) . Other studies have also found lower wake-up values and sharper increases in the cortisol awakening response in lower compared to higher SES groups (Kunz-Ebrecht et al., 2004; Steptoe et al., 2003; Wright and Steptoe, 2005 ) but this has not been replicated in all studies (Cohen et al., 2006b; Steptoe et al., 2003; Lupien et al., 2001) . Stress challenge studies have also found that lower education is associated with a stronger cortisol response to a social stressor (Fiocco et al., 2007) . Consistent with our results for neighborhood violence, prior analyses of MESA data have also observed lower levels of wake-up cortisol and less steep decline during the early part of the day in lower socioeconomic groups (Hajat et al., 2010) . In addition, Hajat and colleagues (Hajat et al., 2010) also found that these patterns remained after adjustment for health behaviors.
Because of residential segregation by individual SES, the observed patterns in cortisol profile by neighborhood characteristics may be attributable to compositional differences. Indeed, our analyses showed that associations of neighborhood characteristics with cortisol were substantially reduced after addition of race/ethnicity and socioeconomic controls (as illustrated by the comparisons of Tables 3 and 4) . However, we found that the general pattern of lower wake up, and slower decline associated with exposure to higher levels of neighborhood violence was present even after adjusting for individual-level SES including education, income, and wealth. The magnitudes of these associations were comparable to those found for individual SES. For example, Hajat and colleagues (2010) found that those in the lowest SES category had 16% to 18% lower levels of cortisol at wakeup and 11% to 12% less steep early decline, compared to those in the highest SES category. Dowd et al. (In press) found lower education (<12 years of school) to be associated with approximately 29% lower levels of cortisol at wakeup, compared to higher education (12+ years of school). In other MESA analyses, higher levels of hostility were also found to be associated with a less steep initial decline (Ranjit et al., 2009) . Replication of these results in other samples is needed before any conclusions can be drawn, but the similar patterns observed for potential individual and neighborhood psychosocial stressors suggest that this pattern may represent a response to a variety of different kinds of stressors.
Although exposure to violence is often hypothesized to operate as a neighborhood stressor, empirical examinations of this relationship are rare. One study recently reported alterations in cortisol rhythms in a small sample of children who developed post traumatic stress disorder as a consequence of exposure to community violence (Suglia et al., 2010) . To our knowledge, no large population study has investigated the association of community violence with cortisol levels of residents. Our relatively stronger findings for neighborhood violence compared to other neighborhood characteristics support the proposition that contexts which are uncertain, unpredictable, or threatening are the most likely to elicit a cortisol response (Mason 1968; Dickerson and Kemeny 2004) . The more general measures of higher disorder and neighborhood poverty may not be tapping into these particular domains. More specific measurements of relevant neighborhood stressors may be necessary to detect neighborhood effects on stress pathways. Social cohesion may also not be tapping into stress-eliciting features of neighborhoods. Social cohesion represents more a positive dimension of neighborhood context rather than a negative stressor, per se. The absence of positive social and emotive determinants may not the same as the presence of negative and potentially harmful stimuli. The null findings for social cohesion are consistent with results from previous research that found negative experiences were more strongly linked to cortisol than positive states (Adam et al., 2006) . Studies with larger sample sizes are needed to test whether social cohesion buffers the cortisol effects of other stressors.
An important strength of our study is the direct assessment of potentially stressful neighborhood conditions such as violence, disorder and cohesion, using standardized instruments and aggregation across multiple respondents. This allowed us to characterize these dimensions for buffers of approximately one mile around each participant's home. Although this is an improvement over the use of crude census proxies for arbitrary census areas, it still has important limitations. For example, there is undoubtedly measurement error in informant reports (although this is somewhat reduced through the averaging process). In addition, the relevant geographic area is unknown and may be misspecified in our analyses. Both of these factors could result in biases towards the null.
To our knowledge, this is the first observational study that has used a population-based sample of adults with multiple repeat measures of cortisol over several days to examine the relationship between cortisol level and neighborhood characteristics. However, despite its comparably large sample size, the data is limited for subgroup analyses (e.g., race stratified models) and identification of complex patterns; capturing complex cortisol response patterns may require a larger sample and/or more repeat measures. For example, denser sampling later in the day may be necessary to fully capture differences in the late decline. Moreover, although few if any studies have data over a three day period, even three days may be insufficient to capture cortisol patterns due to chronic exposures. These measurement limitations may have resulted in less precise point estimates. In addition, our neighborhood measures were assessed at a single point-in-time, and therefore may not adequately capture long-term neighborhood context, resulting in attenuation of associations of neighborhood characteristics with health (Do, 2009) .
We found that the magnitude and direction of the associations generally remained unchanged after adjustment for body mass index, diabetes, exercise levels and smoking (factors previously found to be associated with cortisol) (Clow et al., 2004; Hansen et al., 2008; Oltmanns et al., 2006) which suggests that these factors do not significantly confound or mediate the relationship between neighborhood stressors and cortisol. However, our ability to investigate this fully was limited by sample size and by the measures available. In addition to the known difficulties in measuring health behaviors, our measurements of physical activity and smoking reflect habitual activities rather than daily activities on the days in which samples were collected. Consequently, our adjustments did not account for the timing of these activities which have been found to affect cortisol levels when executed within an hour of sampling.
A major challenge in research on the health consequences of alterations in the circadian rhythm of cortisol is identifying which alterations are the most relevant to health. It is plausible that various types of alterations involving both elevated and reduced levels and various patterns reflecting altered responsivity are etiologically important. For example, both a very small and a very large awakening response have been linked to adverse health outcomes (Adam and Kumari, 2009; Chida and Steptoe, 2009) . A slower rate of decline in cortisol across the day has been found to be associated with chronic and acute stress (Adam et al., 2006) , with hostility (Ranjit et al., 2009 ) with coronary calcification (Matthews et al., 2006) , with obesity (Ranjit et al., 2005b) and with increased mortality from breast cancer (Sephton et al., 2000) . However, due in part to differences in modeling approaches used, not all studies linking cortisol levels to health have investigated the same parameters or have identified consistent patterns (Saxbe, 2009) , and the implications of different patterns for health have yet to be determined.
Our results provide suggestive, albeit only weak evidence congruent with the hypothesis that neighborhood stressors may affect the pattern of cortisol secretion over the course of the day, specifically with lower wake up values and a less pronounced decline during the rest of the day. Identifying associations of distal neighborhood factors with stress biomarkers is rendered difficult not only due to measurement issues (for both exposures and outcomes) but also because of the many intermediaries involved. Although inconclusive, our analyses suggest that further investigation of the effects of neighborhood contexts on stress biomarkers is warranted. Predicted daily values of cortisol by tertiles of neighborhood violence Selected characteristics of MESA stress study participants within each tertile of neighborhood characteristics Probability value for the trend is based on logistic regression of selected characteristics against neighborhood tertile ranks (i.e., 1, 2, 3) specified as a continuous measure.
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Table 3
Selected characteristics of daily cortisol values by tertiles of neighborhood characteristics from spline models adjusted for age and gender1 Estimates derived from regression models of cortisol with knots at 30 and 120 minutes post wakeup Probability value for the trend is based on regression models of cortisol level against neighborhood tertile ranks (i.e., 1, 2, 3) specified as a continuous measure. Standard errors were adjusted for multiple observations of respondents.
Table 4
Adjusted percent differences in wake-up cortisol, morning rise, and early and late decline by tertiles of neighborhood characteristics (updated) Derived from 2-Level models of log cortisol with random intercept, random early and late decline.
All models adjusted for gender, age, race/ethnicity, (white, black, Hispanic), income, wealth, and education.
